Seventeen ceramics samples (515±95 BP, about 580 years old) and two clay raw materials from Zamala (Far-northern, Cameroon) were characterized by X-ray diffraction (XRD), thermal analysis (DTA/TG) and X-ray fluorescence spectroscopy. The aim of the work was the deduction of the production technology and provenance of these ceramics. With the exception of one sample the analysed ceramics formed a homogeneous chemical and mineralogical group. The observed mineralogical phases were quartz, mica (biotite), potassium feldspar (microcline) and plagioclase (albite and oligoclase). The XRD study of two local clays yielded the presence of quartz, kaolinite, mica, feldspar and plagioclase. The presence of the broad endothermic peak in the DTA/TG curves of the clays and its absence in the curves of the ceramics indicated that the firing temperature of the ceramics was above 550-600 °C, which is the temperature of the kaolinite-metakaolinite transformation. The firing experiments of the clay between 400-1200 °C in oxidizing atmosphere showed that mica disappeared above 900 °C. Therefore, the firing temperature of the sherds should have been between 600-900 °C. The chemical correlation between ceramics and local clay materials pointed out to a local production of these ceramics. Keywords: Zamala, Cameroon, archaeological ceramics, clays, characterization, production technology, provenance. 
INTRODUCTION
Ceramics represent the most abundant findings among the archaeological artefacts [1] . They are made from clay as raw material and transformed into a durable material by the action of heat. Nowadays, physical and chemical characterization is a powerful tool to investigate ancient ceramics in order to understand their nature, their change in time, their technology and their provenance. Therefore, several analytical methods are currently applied to provide these information for the archaeology and the cultural heritage.
Chemical analysis by using X-ray fluorescence (XRF) spectroscopy is a well-established technique for the provenance studies, as it can be used to determine major and minor elements and a selected number of trace elements of ancient pottery [2] . The determination of these elements is related to the raw material and can be successfully used for the classification of the ceramics into groups of similar compositions [3] . The mineralogical analysis of the ceramics gives information about their firing conditions. X-ray diffraction (XRD) is one of the most popular technique for determining mineral phases of ancient ceramics. During firing, the changes of the mineralogical composition of the clay are indicative for the estimation of the firing temperature. Thermal analysis (DTA/TG -differential thermal analysis/thermogravimetry) is used to determine the thermal behaviour and the firing temperature in conjunction with the X-ray diffraction.
Apart some results reported on modern ceramics [4] [5] [6] [7] and ancient ceramics [8] [9] [10] , the characterization of ancient ceramics from an analytical point of view is still novel in Cameroon and rare in West Central Africa. This paper presents the first contribution on this type of investigation of ancient ceramics from Zamala (Far North Cameroon). The choice of the northern region of Cameroon is due to their long tradition in pottery making and their archaeological background. The aim of this work was to characterize some ancient ceramics from Zamala by their mineralogical and chemical compositions in order to estimate their firing temperature and to suggest their provenance. Therefore, seventeen ceramic sherds and two local raw materials were analysed by X-ray diffraction, thermal analysis DTA/TG and X-ray fluorescence.
EXPERIMENTAL
Samples: the ceramic samples investigated (515±95 BP, about 580 years old) were collected at the archaeological site of the village Zamala in the far north region of Cameroon, Diamaré Division (Fig. 1) at different depths. According to their differences and appearance regarding the colour, thickness, ornament and function, seventeen samples were selected for this study. These samples were dried, cleaned with distilled water, cut off and powered for the analyses. In the vicinity of the excavated area, two clay pits were found; these clays are still used nowadays for the production of pottery. Here samples were collected, which were labelled clay ZAM 1 and ZAM 2. In case of the clay ZAM 1, some clay samples were collected at different depth and they were named ZAM 1-50 cm, ZAM 1-130 cm, ZAM 1-140 cm, while ZAM 2 was collected at a depth of 190 cm. The characteristics of the ceramic samples are presented in Table  I and the photos of some ceramic sherds are viewed in Fig. 2 .
Experimental methods: X-ray diffraction analyses of bulk ceramics and clay raw materials were carried out by the Seifert X-ray Diffraction (XRD 7). The operating conditions were: CuKα radiation (1.5406 Ǻ), voltage of 40 kV, Nifilter, current 40 mA, 2θ range from 5° to 65°, at a speed of 2 °/min. Firing experiments on clays under oxidizing conditions were carried out. For that, 2 g of crushed raw material were fired in a furnace (Nabertherm) from 200 to 1200 °C by steps of 200 °C (heating rate 150 °C/h). The desired maximum temperature was maintained for 24 h and XRD analyses of the firing products were carried out. Thermal analyses on ceramics and clays were carried out by a Netzsch apparatus, calibrated by using In, Sn, Bi, Zn, Al as standard materials. The samples were placed in Al 2 O 3 crucibles and the measurements carried out in air from 20 to 1200 °C with a heating rate of 15 °C/min. Chemical analyses of the ceramics and the clays by XRF were carried out using 1 g of powdered sherd mixed with 6 g of Merck Spectromelt A14 (mixture of lithium tetraborate and La 2 O 3 ) and melted at 1000 °C for 15 min. After cooling the homogeneous glass disc were analysed. The apparatus used for the analyses was the Siemens SRS 303 AS equipped with an X-ray tube with Rh-anode. The analyser-crystals were: LiF (100) for Ca, K, Ti, Fe; LiF (110) for Mn; PET for Si, Al; OVO 55 for Mg, Na; C for P. The measurement time was 20 to 40 min.
The colour of the cross section of the ceramic sherds was used to develop a hypothesis/model for the deduction of firing atmosphere [11] : red and brown colour caused by Fe 3+ indicated the oxidizing atmosphere; black and grey colour caused by Fe 2+ indicated the reducing atmosphere; combination of black/grey and brown/red indicated the change from a reducing atmosphere to an oxidizing atmosphere. The modal composition of the ceramics was calculated on the basis of the X-ray fluorescence data and taking the data from X-ray diffraction and optical microscopy (if available) into consideration [10] . Therefore, the modal composition is some sort of synopsis of data available for a particular ceramic and the modal components agree with actually occurring minerals. The analysed oxides were attributed to minerals in the following way: Na 
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X-ray diffraction analysis: the mineralogical composition of the sherds from Zamala is presented in Table II . It was noticed that the analysed ceramics formed a homogeneous mineralogical group. The observed mineralogical phases were quartz, mica (biotite), potassium feldspar (microcline) and plagioclase (mainly albite). The results of semiquantitative analysis (modal composition, Table III) showed a very homogeneous group of ceramic sherds, which includes 16 samples out of 17, with the following average composition and standard deviation: quartz 35.4% (2.9%); K-feldspar 20.4% (2.6%); plagioclase 20.1% (2.5%); metakaolinite 12.7% (1.9%). The modal composition was completed by about 6% of biotite, 2% of goethite and minor amounts of rutile and apatite. The isolated sherd ZAM 16-00 was characterized by a lower content of quartz (about 21%) and higher contents of plagioclase (32%) and biotite (about 11%). Metakaolinite was chosen as one of the modal components because kaolinite was not present in any of the investigated sherds. The contents of the modal components apatite and rutile were very low so that they could not be detected by X-ray diffraction. The absence of hematite and magnetite in the XRD patterns of brown and black coloured sherds can be explained by a quantity lower than the detection limit of XRD [10] . Hematite is one of the most intense colouring materials and only 1-1.5% of hematite is sufficient to give the pottery a reddish colour [1] . Thermal analysis: the thermal analysis of the 17 selected ceramics yielded almost similar results, which showed two thermal behaviours or two thermal groups of ceramics, according to the presence or absence of an exothermic peak between 250-450 °C. Thermograms of two ceramic sherds which revealed the existence of the two thermal groups are presented in Fig. 3 . Most of the samples do not show the exothermic peak, which characterized the samples ZAM 16-00, ZAM 26-00 and ZAM 20-10 S2 only. The presence of the exothermic peak between 250-500 °C (DTA) can be explained by the combustion of organic material contained in these samples [12, 13] . According to Palanivel et al. [1] the exothermic effect observed within the range 200-650 °C is attributed to the combustion of organic materials, not completely burnt during firing in reducing condition and transformed into carbonaceous particles, which are thought to have been deliberately added into ceramic paste to increase its plasticity, or were contained in the clay utilized in the manufacture. It has been suggested that the organic materials might have been added as a binder in the preparation of the pottery or in manufacturing external surface coating, for example albuminous [14] . Apart from this difference of behaviour at the range of 250-450 °C (DTA), the two thermal groups of ceramics presented similar characteristics. The thermal curves of all the sherds showed a small endothermic peak starting at around 573 °C which corresponded to the allotropic transformation of quartz. The broad exothermic peak which started at around 850 °C corresponded to the transformation of metakaolinite. The presence of this reaction showed that kaolinite was present in the clay but it was destroyed during (Fig. 4) . The chemical homogeneity of the analysed sherds suggests that all these sherds were probably produced from the same clay raw material or they belong to the same production group. Sherd ZAM 16-00 should be another group of ceramic production in this region or a production from a different clay raw material. The P 2 O 5 content was very low in all the sherds; only sherd ZAM 16-00 presents a value of 0.44 wt%. According to the literature, this means no phosphorus contamination [15] [16] [17] . This result suggested that these sherds were not buried long enough to absorb phosphorus coming from eventual bones in the soil. The LOI (loss on ignition) values were very low, in the range of 0.9-2.4 wt%. These values indicated a high firing temperature according to the mineralogical composition of the ceramics which does not include clay minerals. In addition, these ceramics did not significantly absorb water during the burial stage, according to the climate in the far northern dry region of Cameroon, which is characterized by a low annual precipitation value. compound called metakaolinite [18, 19] . Biotite was still present at 800 °C and absent at 1000 °C. Its decay appeared between 900-1000 °C. This result was confirmed in the literature [20] [21] [22] [23] [24] [25] . Quartz and plagioclase were present at all the temperatures because they are resistant even at highest temperatures. Microcline (potassium feldspar) was still present at 1000 °C but the peaks were weak (25-26° 2θ). This result was in agreement with the data from the literature [26, 27] . The decrease of microcline started at 900 °C. Between 1000-1100 °C, microcline disappeared in agreement with the results of Cultrone et al. [28] . Mullite appeared between 1000-1100 °C, in accordance with the literature [25, 27, [29] [30] [31] [32] [33] [34] . At 1200 °C, the mullite peaks at 16°, 26.5° and 27° 2θ were very intense. These observations showed that the quantity of mullite was increasing with the increase of temperature [32] [33] [34] [35] [36] . Cristobalite started to appear at 1100 °C, but its peak was weak, in accordance with the results of Xu and Hofmeister [25] which showed the formation of cristobalite at 1050 °C. At 1200 °C, the peak at 21-22° 2θ became strong. The absence of iron oxide minerals (hematite and magnetite) was noted in the two clays. It could be explained by a concentration below 1.5-2 wt% which was not detected by XRD. Thermal analysis: the DTA/TG curves of the clays showed similar phenomena; therefore, only the clay ZAM 1-130 cm is presented (Fig. 6) . Endothermic peak between RT-200 °C corresponded to the loss of hygroscopic water in the clay [37, 38] . The DTA curve showed a distinct endothermic peak starting around 450 °C accompanied by a loss of mass of 2.45%; it corresponded to the dehydroxylation of kaolinite to metakaolinite [39] . This result was in agreement with the X-ray diffraction of the fired clays. A weak thermal effect at 573 °C corresponded to the allotropic transformation of quartz. A broad endothermic peak starting at around 620 °C accompanied by a loss of weight of 0.43% corresponded to the decomposition of carbonate, mainly calcite [28, [40] [41] [42] ]. An exothermic peak starting at around 850 °C corresponded to the transformation of metakaolinite probably to gamma alumina or mullite according to the literature [32, 43, 44] . The absence of the exothermic peak observed at 250-300 °C in the DTA curves of the clays suggested that these clay materials did not contain organic materials. Therefore, the presence of this peak in some DTA curves of sherds could suggest that the potter added the organic materials in the paste during manufacture. Of course, if it is assumed that the local clays here studied were used to produce these ceramics.
Chemical analysis: the chemical composition of the clay raw materials found during the excavation is presented in Table V . The results showed that the clay ZAM 2 was richer in SiO 2 than ZAM 1, while the contents of aluminium and iron oxides were higher in the clay ZAM 1. The contents of alkali oxides were similar in the two clays whereas the content of titanium oxide was higher in the ZAM 1 clay. The two clays presented low contents of manganese and phosphorus oxides. The LOI was slightly higher in the ZAM 1 clay, suggesting that this clay contained more clay minerals, according to the higher content of aluminium oxide. The variations observed for the ZAM 1 clay at the different depths of extraction (50, 130 and 140 cm) were limited and they seemed due to geochemical processes in the clay bed.
Provenance of the ceramics
The comparison between the chemical data for ceramics and clays is presented in Table VI . The results showed that the average chemical composition of the homogeneous group of ceramics fits very well with the chemistry of the clays ZAM 1 in particular those collected at the depth of 130 and 140 cm. According to the potter present during the excavation, the clay from this depth is the most suitable for the ceramic production. This clay, which is still used nowadays, was most probably the raw material for the ancient ceramics produced in the excavated area, so that a local production of the ceramics could be inferred. In addition, it can be suggested that potters did not modify the clay paste during pottery manufacture.
The isolated sherd ZAM 16-00 was not produced from the local clay studied. The lower content of silicon oxide and the higher contents of iron, magnesium, calcium and sodium oxides in this ceramic clearly revealed its different origin. Probably this ceramic came from another place and could indicate a cultural exchange with near localities. Table VI also shows that the chemical composition of the clay ZAM 2 was different from the chemical composition of the sherds analysed, even though it had the same minerals of clay ZAM 1. However, it seemed that this type of clay was not used to produce the excavated ceramics. This material was very rich in aplastic inclusions and poor in clay minerals. Therefore, the purification of this clay would be required to diminish the percentage of quartz and to increase the percentage of kaolinite. In such a case, theoretically the analysed ceramics could also have been produced from the clay ZAM 2.
Estimation of the firing conditions
The presence or the absence of specific mineral assemblages in ceramics is often used for the estimation of the firing temperature [45] . The behaviour of these specific minerals under temperature is variable according to the nature of the clay and the firing atmosphere. The mineralogical phases observed in all the ceramics studied were quartz, potassium feldspar, mica (biotite) and plagioclase. The minerals present in the clay material were quartz, kaolinite, biotite, potassium feldspar, and plagioclase. Quartz, potassium feldspar and plagioclase are stable even at high temperatures, so that they cannot be considered for the estimation of the firing temperature [24, 26] . The XRD patterns of the fired clays showed the decay of kaolinite between 400-500 °C. This range of temperature is the same for the clay fired in reducing, or reducing then oxidizing and oxidizing atmosphere [24] . As kaolinite was present in the local clays, its absence in the ceramics can only be explained by a firing temperature higher than 500-550 °C [10, 19, 29, 46] or above 600-650 °C when the crystalline structure collapses and metakaolinite forms [47] .
The XRD patterns of the fired clays under oxidizing atmosphere showed the decay of biotite below 1000 °C (Fig.  5) . Mica decays between 900-1000 °C in the silicate rich clays during oxidizing atmosphere [23, 29] and below 700-750 °C in silicate rich clays during reducing atmosphere [48] . Due to the presence of biotite in the XRD patterns of all ceramics, it can be assumed that those presenting brown/ red colour or a combination of brown and black colours on the cross section were fired below 1000 °C. In accordance with the DTA/TG results, the exothermic peak in the range of 850-1000 °C indicated that the samples were fired at 900 °C or even below this temperature [41] . For the sherds, which present black colour on the cross section (reducing atmosphere), the estimated firing temperature could be less than 750 °C. The different colour observed on the cross section of the ceramics suggests that bonfire and pit-firing were used in this locality [11] . The prevalence of bonfires is deduced due to the high percentage of the ceramics which present brown/red colour or a combination of brown and black colours on the cross section. The sherds with the black colour on the cross section were probably pit-fired.
CONCLUSIONS
The characterization of the selected ceramics and clay samples from an excavated area in Zamala (Cameroon) showed that these ceramics formed a homogeneous group in agreement with all the analytical methods. Only one sherd was chemically different from the others. between clays and ceramics indicated that their chemical compositions were very close. Two possibilities were discussed: the ceramics were either produced from the local clay without pre-treatment or they were produced from the local clay with a preliminary treatment to diminish the quartz content and to increase the kaolinite content. The thermal behaviour of some ceramics suggested that the potters probably added organic materials in the paste to improve the quality of the local clays. The estimation of the firing temperature of the ceramics was based on the presence and absence of some specific mineral assemblages in the clay, fired clays and sherds. Due to the presence of biotite and the absence of kaolinite in all the sherds, the estimated range of the firing temperature of the sherds produced in oxidizing atmosphere was between 600-900 °C whereas the sherds produced in reducing atmosphere were fired in the range of 600-750 °C.
